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REMARKS 

Claims 2-27, 29-43, and 45-58 are presently pending in this application and have 
been examined, and claims 3, 8-27, 30, 35, 36, 46, 47, and 49-58 are also pending but 
have been withdrawn from consideration as being drawn to a non-elected species. 
Claims 5, 32, and 45 have been rewritten in independent form to include all of the 
features of the corresponding base claim and any inten/ening claims. Claims 2-4, 6-10, 
29-31, 33-36, 46, and 47 have been amended solely to change the dependencies of 
these claims. Claim 7 was further amended to improve the readability of this claim 
without changing the scope of the claim. Claims 1, 28, and 44 have been cancelled 
without commenting on or conceding the merits of the outstanding rejections. As such, 
these claims have been cancelled without prejudice to pursuing these claims in a 
continuation, divisional, or other application. 

The status of the application in light of the Final Office Action dated 
September 23, 2004, is as follows: 

(A) The Information Disclosure Statement filed March 3, 2003, was noted as 
failing to comply with 37 C.F.R. 1 .98(a)(2); 

(B) Claims 1, 2, 4, 28, 29, 31 and 44 were rejected under 35 U.S.C. § 103 
over the combination of U.S. Patent No. 5,816,891 issued to ("Woo"), U.S. Patent 
No. 6,431,949 issued to Ishikawa et al. ("Ishikawa"), and U.S. Patent No. 6,340,327 
issued toAfif ("Afif"); and 

(C) Clainr^ 37-43 and 48 have been allowed, and claims 5-7, 32-34 and 45 
were indicated to be allowable if rewritten in independent form to include all of the 
features of their respective base claims and any intervening claims. 

A. Consideration of Information Disclosure Statement 

The references cited in the Information Disclosure Statement dated February 27, 
2003 were not considered on the grounds that a legible copy of each U.S. and foreign 
patent, each publication or that portion which caused it to be listed, and all other 
information or that portion which caused it to be listed was not included with the IDS. In 
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a telephone conference with Mr. Steve Whelan on December 21 , 2004, the Examiner 
acknowledged that copies of the U.S. patents are not required to be filed with the IDS 
and stated that the only copy needed is a copy of the single non-patent reference cited 
in the Infomriation Disclosure Statement. The undersigned respectfully submits that a 
copy of this non-patent reference was sent to the U.S. Patent and Trademark Office 
with the IDS as noted in the previous response filed on 27 April 2004. The Examiner 
must, as a matter of the applicant's right, consider all of the references cited in the IDS 
because (a) copies of the U.S. patents are not necessary and (b) copies of all 
references were provided in the originally filed IDS. Moreover, even if the Examiner 
contends that copies of the references were not received by the United States Patent 
and Trademark Office, the U.S. patent references must be considered as a matter of 
right because copies of these references are not required. For the Examiner's 
convenience, another copy of the single non-patent reference cited in the Information 
Disclosure Statement is provided with this paper. The undersigned respectfully 
requests that the Examiner review the references cited in the Information Disclosure 
Statement and acknowledge his review in the record in accordance with the applicant's 
rights. 

B. Response to the Section 103 Rejection 

Claims 1, 2, 4, 28, 29, 31 and 44 were rejected under Section 103 over the 
combination of Woo, Ishikawa and Afif. Claims 1, 28, and 44 have been cancelled and, 
accordingly, the rejection of these claims is now moot. 

As discussed below, base claims 5 and 32 are now allowable. Accordingly, 
claims 2, 4, 29, and 31 are allowable as depending from one of the allowable base 
claims 5 and 32, and also because of the additional features of these dependent claims. 
Therefore, the Section 103 rejection of claims 2, 4, 29, and 31 should be withdrawn. 

C. Allowable Claims 

The applicant thanks the claims for allowing claims 37-43, and indicating that 
claims 5-7, 32-34, and 45 would be allowable if rewritten in independent form to include 
all of the features of their respective base claims and any intervening claims. Claims 5, 
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32, and 45 have been rewritten in the stated form and, accordingly, the objection to 
these claims should be withdrawn. 

Claims 6, 7, 33, and 34 are allowable as depending from one of the allowable 
base claims 5 and 32, and also because of the additional features of these dependent 
claims. Therefore, the objection to claims 6, 7, 33, and 34 should also be withdrawn. 

Claims 5, 32, and 37 are generic to all of the withdrawn claims, and thus 
applicant requests reinstatement of claims 3, 8-27, 30, 35, 36, 46, 47, and 49-58 upon 
allowance of any one of generic claims 5, 32, and 37. Furthermore, the undersigned 
attorney notes that allowable claims 39, 42, and 43 have been rejoined in the 
application. 



In view of the foregoing, the pending claims comply with 35 U.S.C. § 112 and are 
patentable over the applied art. The applicant respectfully requests reconsideration of 
the application and a mailing of a Notice of Allowance. If the Examiner has any 
questions or believes a telephone conference would expedite prosecution of this 
application, the Examiner is encouraged to call the undersigned at (206) 359-3982. 



Correspondence Address: 

Customer No. 25096 
Perkins Coie LLP 
P.O. Box 1247 

Seattle, Washington 98111-1247 
(206) 359-8000 
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-n« copper damascene process is one of d« most profnistag iech- 

• ^ f«- fatafcatine Cu damascene inlerconnecis. Since coiwcn- 
"'•''Tr5^Sr»ni^n aluinina abrasives, which are mechan.- 

cauy "r^" i siO, surface damage produced after 

S.1P of^ £K^^S«>« dielectric breakdown reUability. 
^tS^oSTand Cu A have bc*n aUo «-us proble.,«^ 

sitv muliilevel micrconnects at a high y»'°- / .!™r^_.H abra- 
o«. a slurryless polishing, which is a ^^T"^^?;^^. 
riw oad and aqueous chemical soluuon. has been developed. Hew 
STv dtfS post-CMP cleaning are still problems with Uu» 

"*^™ti>IP cteaning tectoiologies to remove abrasive particles on 
«,,SS^.^t^been developed. For example, PVA (polyvmy) 
^cSTsh cleaning aiid megasonic cleaning have been 
S JihS^^I^'ives.^' Since these addit.ves of.en produce 
^ Tm.- . #iectrolvzed waters (anode water and cathode 

'"Sough fSff c& large amounts of sl^y. which 

e^trfaiSp^ously, the metal CMP process has many prob- 
. ™Clhat m^f be Xd. It is obvious that Utcse problents onpinate 
S iS^cToded in the slurry, but tl.e solid abrasives have 

banier-metal dty etching.' 

Experimental 

AFP conditions.-Thc new polishing soluuon comprises only 
ch^Li T^^ ^-h as oxidizer, etchanl. and corrosion .nh.b.,or. 

• EkeoodionicaJ Socieiy Active Membex. 
» E.inul:coo*»eef IJiiuehixo.jp 



bi.t it docs not contain abrasives. It is. therefore. »!««P«n\ 
Thown in Rg. I a. In this experimenU the oxidizer was 
Other agent just before polishing in order to suppress the decon? 
Son of the oxidizer. We used hydrogen peroxide aqueous sduto 
OO wt %) as the oxidizer. A popular, commercially available, a 
i^na-abrasive-type CJvfP slniry for poUshing Cu was ako evalwi 
for ^son (Fig. lb). ITte si^e of the abr-s.ves (35 wl %) 
ahniit 2^0 nm and pH of ihc 5lun7 is about 3.S. 
"•^A SSI' n" Sine (Lapmaster SFT. LX;P-552XJ-2) wiUt two W 
diam platens was used. A foamed-polyurctteme-typc ^^.^^^ 
pad (Rodel, ICIOOO) was used as a «»»^ Pi^-/, 'l*" 
(XY groove) with a 15 mm pitch was foirned (Ro^eU A^^.^^l^ 
concentric^ircle groove (K groove) pad. a stacked pad (Ro. 
!o4(S a softer pad (Rodel. XHGMl 158). a harder pad (Univer 
EsS' and a klcA abrasive pad (Universal. LP99) were dso « 
S con parison. Ex lUu pad dressing was carried out «$mg an » 
p%^?7amond dresser. The distance between the center of Ote f 
rn and the center of the wafer holder IS 150 nun. 
" m down7on:e was.varied from 5 to 40 kPa (5(M0OB/«m») 
die standard force for poUshing patterned *«^^2ird\r 
Platen speed was varied from 15 to 60 ipm and the standard M 
w« 30 5^ The AFP solution was supplied onto the pohshmg 
at a now rate of 200 mL/min. 




Fignre I. Ccmpuison df (a) the new AFP wlotion (J-JV^^ 
sluayT« pienot behind is . biid's c>-e ne* of mulukvel O 

coniKCtitMi fabricated by AFP. 
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Sample preparation,— Tht Cu lines were formed on 8 in. wafers 
wiih interconnect patterns, i.e.. icsi clement groups (TEG). The Cu 
fUm was deposited by long-throw sputtering and was filled by heat- 
treatment of 430T for 3 min, TiN orTaN was used as a barrier metal. 
The removal rate of Cu was evaluated by polishing a Cu-dcposii- 
ed wafer (800 nm thick, no pattern) for 2 rain and measuring change 
in sheet resistance at 49 points on the wafer before and after the pol- 
ishing. The sheet resistance was measured by four-point probe 
(Resistivity Test System, Kokusai Electric. VR-70), and within- 
wafer nonunifoiroity (WTWNU) of the removal rate was evaluated 
by the equation, (m-dx - min)/(max + min) (±%), where "max" and 
'*nun" mean the ma.ximum and minimum removal rate at the 49 
points. Wafer edge exclusion of the measurement was 10 mm. 

The etching rate of Cu was evaluated by measuring the change in 
Co sbcci resistance before and after 10 min etching in the polishing 
solution. The sample was a sputier-dcpositcd Cu film (200 nm thick) 
on a Si chip (15 x 15 mm size) with an adhesion layer of TIN 
(50 nm tliick), and the sheet resistance was measured at the center of 
the chip by four-point probe (Napson, RG-7). 

The amounu of erosion and dishing were evaluated by using a 
stylus scanner (Tokyo Scimitsu, Surfcom 570-3DF) and SEM (scan- 
ning electron nucroscope, Hitachi S-900). We used these techniques 
to measure the linc-anay pattern formed at a pitch from 800 nm to 
200 M^m. The linc-anray pattern is 1 X 3 mm. The largest Cu area 
without SlOj pillars in the TEG is 3 X 3 mm. The dishing depth of 
this area was apparent (without the need for SEM) just after CMP 
when the dishing depth exceeds a bnc depth of 500 nm. 

Dry etching of the barrier metal was carried out by ICP (induc- 
tively coupled plasma) rcactivc-ion etching (RIE, Surface Technolo- 
gy Systems). A SF^ gas was used as the process gas. The gas flow rate 
and the plasma pressure was 25 mL/min and 0.67 Pa, respectively. 
The radio frequency (rO power was 600 W (13.56 MHz) and bias 
power was varied from 0 to 100 W. The dry etching rare dependence 
on the bias power was examined using samples of TiN, TaN, SiOj. 
and Cu. The etching rates of the three metals were evaluated by mea- 
suring the sheet resistance as explained previously, and that of SiOj 
was c\'aluated by measuring the thickness change by cUipsoraeicr. 

Results and Discussion 
AFP mechanism.^ A irodcl of tungsten-CMP. a combina- 
tion of lihn-surfacc oxidation and the mechanical abrasion by alu- 
mina abrasives^ has been proposed by Kaufman et al}^ Convention- 
al slurries for metal CMP mainly comprise oxidizers, such as hydro- 
gen peroxide or ferric nitrate, and abrasives such as alumina pani- 
cles or siUca particles. A small amount of organic acid is added in 
order to raise the removal rate of metal over that of SiO,." Most 
commonly, CMP is performed ou a foamed polyureihane polisliing 
pad, and the removal rates of 100-500 nm/min arc attained under 
ordinaT>- polishing conditions (down force of about 30 kPa and plat- 
en speed of about 40 rpm). 

Since Cu is chemically active, we tried to planarizc Cu by ''soft 
friction" using the foamed polyureihane pod rather than by abrasion 
with "hard" abrasives. The new AFP solution basically comprises 
three chemicals: an oxidizer, an ctchant, and a corrosion inhibitor. 

We suggest the mechanism of AFP is as follows. The Cu surface 
is oxidized by the oxJOizei. and the thin oxide film is protected by 
the inhibitor as shown in Fig. 2a. Then the procccUon layer on the 
protruded regions is removed by "soft friction" with the poUshing 
pad, and the oxide is dissolved by the etchaiu (Fig. 2b). The exposed 
Cu surface on the protnided regions is oxidized and etched again, 
while the recessed regions remain protected by the inhibitor. Then 
the Cu surface is planarizcd and AFP autr>matically slops on the bar- 
rier metal (Fig, 2c). Because the barrier nttcul is hardly removed 
without abrasives, erosion would not occur even when a long over- 
polishing is carried out. Finally, the barrier metal is rwnoved by bar- 
rier-meial-sc!cctivc CMP or dry etching (Fig. 2d), 

Tlic most important point of AFP is the quality of the protection 
layer. If the protection layer is loo suong. it is hardly removed by the 
"soft friction" of the polyureihane pad and the removal rate would be 



(a) protection layer (^) 




(^) barrier metal 




figart X Mechanism of Cu AFP: (a) fonnatlon of ivotection layer, (b) abn 
sioa of promided area, (c) polishing stop oo banner metal layer, and (d 
itmoval of banier metal layer. 

slow..£f the prolecdon layer is too weak against the etchanl, th 
removal rate would be fast; however, Cu dishing or coirosion woul* 
occur. Thus, the protection layer should be soft enough to be rc 
moved by the polyuretfaane pad during polishing but strong enoug 
to protect the recessed area of Cu from the elchani. In other word: 
the polishing solution should be corrosive enough to raise the re 
moval rate to more than l(X) nm/min but passivative enough to re 
duce the Cu dishing to less than SO nm. 

To evaluate the performance of the polishing solution, we use 
the ratio of the removal rate and etching rate (rate ratio) as an inde 
to optinuzc the formulation of polishing solution. The Cu etchin 
rate indicates the strength of the protection layer against the etchan 
and Cu dishing can be suppressed as much as possible by reducin 
the etching rate to less than I nm/min, but the required removal rat 
is more than 100 nm/min. The developed polishing solution, then 
fore, has the rate rado of more than lOO. 

Removal rate ofCu AFP.— Removal rale of Cu by the AFP soli 
don is plotted in Fig. 3. The platen speed was fixed at 30 rpm in thi 
polishing cxperimenL Practically applicable removal rates, as big 
as 100-180 nm/min, and WIWNU of less dian ±12% was attained i 
more than 10 kPa. Unlike the conventional alumina slurry whic 
shows a linear trend, the removal rate samrates at around 200 nn 
itiin when the down force increases more than 20 IcPa. 

Dependence of the Cu removal rate on the platen rotational spee 
is shown in Fig. 4. The down force was fixed at 22 kPa in this po 




0 5 10 15 20 25 30 35 40 
Down force (kPa) 

Figure 3. Dependence of Cu rcmo^'a] rate and WlW>nj on down force 
AFP. Removal raic of conventional CMP is also shown as a doned line \ 
comparuon. Kloieo rounxonal speed Is fixed at 30 rpm. 
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40 60 
Platen speed (rpm) 
ngur. 4. Dependence of Cu removal rate and vaWNU on platen relational 
speed in AFP. Down force is fixed at 22 kPa. 

ishing expeiimentWIWNU of less ihait ± 10% was attained at more 
than 30 .pm. This figure also shows a saturauon tendency at around 
IwLZn when the platen speed exceeds 45 xpm. THesej^vo sa - 
Zion tendencies are very different from the line g. ven by Preston s 
equation.'^ This difference is attributed to the fact that Ae. chemical 
effect is dominant over the mechanical effect in our AFP. 

Next we comoared the Cu removal rate depending on pohshmg 
Dads (Fik 5) A difference of groove type (XY groove or K groove) 
S nofaff ct a.e Cu removal rate; however. WIWNU w« found to 
bTbeaer when an XY-groove pad (±5.8%) was used rather than a 
K-B^ivc pS (±25%). This isVought ,0 be because d^e pohshmg 
c^ flow smoothly in the radial dueciion of dte JO' groove 
«Sr A^the concentric direction of the K groove. Smg^e-layered 
aClOOO) and stacked pads OC1400) have almost equal removal 
rati^d uniformities. A softer pad. XHGM1158. has a very- low 
rS^ov^rateomnm/run, and a harder pad. ESM-S. has an almost 
e^S «n"Sal rate to that of ICIOOO because the softer pad .s too 
end«To remove the protection layer fomied by *e pobshing solu- 
iLn a^d because the ^mov-al .ate saturates once the hardness of the 
e^^eds a certain value. This removal rate «™J«nts to ^ 
Uie same as the .«tmation tendency shown in Fig. 3. The Iemo^al 
™« ellLds 200 rmJmm when a fixed abrasive pad (LP99) .s used; 
however this pad suffers problems of erosion and scratching. 
Tough it may seem that these removal rates ar« quite low com- 
oared with those of conventional alumina slurries, anucorroswe 
SScterisUcs of this AhP soladon are tnoch better than those of 



conventional slurries. TTic etching rates of conuneraally avaiUbU 
convenuonal slurries are usually 2-20 nm/tnm, while that ofota 
AFP solution is suppressed down to about 0.2 nm/iran. TTus differ, 
enoe in etching rate results in the diffeieiice in the removri rates » 
AFP and CMP. As long as we use conventional abriisive slutnes 
high ctcliiug rate do« not seem a serious problem because the Ci 
dishing or the surface cotrosion disappear due to wde erosioa Thi: 
was confirmed by adding abrasives into the AFP solution > nx 
dishing and erosion are interdependent (e.«.. fester dishing leads i. 
faster erosion) and depend strongly on lincwidth and Lne space. Oi 
the odier hand, in AFP. etching rate should be suppressed down ti 
the eiosion formation speed (that is. negligible), otherwise the C 
surface is etched (etching ratha than dishing) and step is farmed j 
the interface between the Cu surface and the SiOj surface. Tht dish 
ing occurs independently of erosion, and the erosion is not enhance 
by the disliing at any linewidth or line space. 

Since the AFP removal rates of barrier metals are quite low, e.g 
less than 10 nm/min for TIN. the Co AFP stops autoniatically whe 
the barrier lavcr is exposed. Figure 6 shows an AFP stop on TO! fib 
indie area of high pattern density (800 ntn pitch line anay. 30% ove 
polish time). A very smooth, scratch-free Co surface IS obtain^ ptol 
ably because of "soft" friction. Stop-on-bairier charactenstKS (B 
two-step or multirtep CMP of a TaN barrier film) were rcponed^ bi 
TiN stop has been difTicuU, especially after "^^^rpo^shmg. becau; 
TuN was easily irmoved during the abrasive Cu-CMP AFP enabl 
complete siop-on-barrier characteristics using both TiN and TW. 

Evaluaiion of erosion ami dishins—Tbc advantage of AFPcot 
pared with convenUonal CMP becomes evident when overpoUshii 
is pcrfonned. The ovcipoUsh time is defined as the hme after ei 
point is detected in the CMP machlie. Figure 7 compares ovcrpc 
ishing by AFP with that by one-step CMP using convenuonal a) 
mina slurry. It m. clear from this figure that AFP hardly removes t 
SiO, layer up to 100% overpolish (two times longer than just p« 
ishing) even in the area of high pattern density {iOO nr. pitch b 
anay pattern). The amounts of erosion and dishing in the same ai 
as that in Fig. 7 were and arc shown in Fig. 8. The erosion by A) 
is not enhanced even on the 100% overpoUshing s'«8e- 
since a Cu line is 500 nm deep, erosion by conventional CMP 
creases up to 270 nm and more than half of the Cu is polished . 
after 100% ovetpolishiiig. This large erosion is shown in the 

'""^amounts of dishing in the area of wide Cu lines (50 m Ui 
and 100 |im Unes) were evaluated asing the styhis scanner (Kg. 
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100% over-polished 
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dishing 



Lre 7, Lon depth by AFP co.,^ to that by convention.. CMP using aluouna sluny. Ooss-scctional images of Cu Hoe axxay we. ulceo using sa„ 
pies of jusi polUhcd. 50% ovcrpoUshed, and 100% oveipolishcd. 



Tht disWng depth of the 100 lun wid? lines is more than 400 nm 
when CMP is performed up to 100% ovcipoUshing. Because the ero- 
sion depth of this area was more than 100 nm, Cu did not rcm^ in 
the center of Uie SiO^ groove (interconneci area). This was confirra- 
ed bv optical microscope (Fig. 10a). On the other hand, die dishing 
depth of this area formed by AFP is suppressed below 80 nm cvc« 
on the 100% overpolishing stage, and the wholeOj area remains as 
shown in Fig. lOb. The brgcst Cu area in our TEG (3 X 3 nun Oi 
pad without Si02 pillars) is also formed without nussmg the Cu 
inside Uic pattern. _ ^ _ , 

As is well knox^n. WWNTI of deposition thickness by Cu elec- 
troplating is inferior lo that by sputtering deposition because the 
electroplating is sensitive to the electrical contact of the electrode^ If 
WIWNU of deposition thickness is assumed to be ±20%, more than 
40% ovetpoUshing must be performed; erosion is enhanced in the 
Uiin deposited area where the overpoUshing is fully performed. This 
degradation of planarizaiion would be recovered at the end of the 
Cu-AFP bccai»se AM* stops on the barrier metal film as shown in 
Fig- 7. 

AFP technology becomes more important when we fabricate 
mululevel damascene mctaliizntion. Figure 1 la points out a problem 
of erosion and dishine using conventional slurry. The eroded sur- 
face line of the first-level (al) is traced to the surface lines of the sec- 



ond-level Si02 film (a2) and also Cu film (a3). >^'hen the secom 
level CMP is performed. Cu residue remains in this eroded area (a4 
A typical Cu residue is shown in Fig. 12. To remove this Cu residu. 
oveipolishing must be carried out and second-level erosion is ci 
hanccd as shown in Fig. 1 1 (a5). This degradation of plananzatic 
makes it difficult to fabricate a multilevel metaUization. In contras 
AFP produces a realistic multilevel roctalli7Jtion suAicture as shovi 
in Fig. I lb. A .short circuit due to Cu residue is avoided and, mo; 
imporlaiuly. Cu interconnects can be fabricated to the design siz 
Con.vcquently. AFP hui been successfully appUcd to fabncating C 
multilevel intcrcormecls * 

Dry etc}ung of barrier metals.— The barrier metals can be t 
moved by barricr-metal-scleclivc CNIP.^' In order to eliminate abr 
^ives in the process, wc tried to develop bairier-metal AFP. Howe 
er barrier metals such as TiN and TaN are considerably men 
chemicals in comparison with Cu, V.'hen a strong cichant is use 
high poli.'ihijig selcciivities of the barrier metals to Cu and to bH 
cannot be attained. ^ j. 

In the current work we used RE v.iih SF^, gas which hardly etc 
es Cu Tliis dry etching removes the barrier layer stably without cai 
ing Cu corrosion. Figure 13 sliows the dependence of etching rate 
TiN and SiO. on bias power. The elclung rate of Cu was negUgil 



500 



"T 



I i ' ' I ' ' 



■ • total loss 
B9 erosion 
DO dishing 



[eoo-nm pitch ti 



line array 




0 20 40 60 80 100 
Over-polish time (%) 

Figure R. Dependence of croiiua and dishing dcpih on ovcrpolish liinu of 
.:aFP and conveniiimal CMP iii the narrow Co hnc array area. 
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Figure 9. Dependence, of dishing depth on ovcrpcllsh rime of AFP and • 
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small. The ctcliing sckciivhy of TiN lo Si02 is also shown in ihe fig- 
ure. It is clear tfiat the sclecii viiy is a maximum al zero bias power, so 
we used this power in order lo eich the barrier nictal after AFP and, 
consequently successfiiHv ftibiicaied damascene interconnects. Table 
1 compares the etching mtc and selectiviUes to SiO, of TiN and TaN. 

Adymtages ofAFR—AF? has several advantages. First, il pro- 
duces low electrical resistance. The reducuon in thickness loss (both 
erosion and dishing) directly affects the reduction in electrical resis- 
tance of the Cu interconnects. AFP clearly decreases the resistance 
of the Cu lines by about 15%; more importani. the resistance devia- 
tion is reduced to less than half that obtained by conventional CMP 
(Fig 14) The deviation of 15% is altribuiable to the SiOj dry-etch- 
ing process because the end point of CU AFP is almost perfect (as 
shown in Fig. 6), and erosion after the barrier metal removal is less 
than 15% of the total thickness of Cu interconnect (500 nni). 

Second, by using AFP, wc do not have to use a complicated post- 
CMP cleaning technology, such as an electrolyzcd water system or 





riRure 10. (a) A large Cu dishing by cn.ivcntiofial CMP and (b) an improved 
liolishcd Cu surface by AFP. Cross sections of die polished surface arc also 
illustraicd. 



(al) Isl-level erosion 



(a2) 2nd-level ILD deposition 




(a3) 2nd4evet Cu deposHion 




(a4) 2nd-taval Ou-CMP 




(a5) enhanced erosion 




(b1) no erosion 



(b2} 2n(t-tov«l ILO deposHlon 




(b4)2nc>-lavelCu-CMP 



(b5) 3rd-level lUD deposition 



Figure 11. (a) Multilevel damascOTC rncial I izaiion by cooveDtionil CMP an 

(b) by AFP. 

developed cleaning cheuiicals, to remove abrasives. As shown i 
Fig. 6, the polished surface by AFP is easily cleaned by only wau 
brash scrubbing widioul chemical additions. To clean metal conlair 
inadon, which^ degrades dielecuic-breakdown rrliability, convei 
tional chemicals such as organic acids might be enough. 

The tiiird advantage is low damage during polishing. Hard ahri 
sives in die slxiity cause scratches not only on a Cu surface but als 
on a SiOj surface, and open/short circuit falures occur. Tbc cbi 
yields have been more than doubled by using AFP on our prodiictic 
line. jMoreover, reduction in shallow-defect damage improved diel© 
trie breakdown reliability. Since many low-t materials have l0W< 
mechanical su^ngth than Si02," surface damage is easily produce 
by hard abrasives and AFP will be indispensable in the ncnt-gencr 
lion low-jyCu damascene process. 
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Figure 12, Co rrsidue in the eroded area of the second-level Cu melalli 

tion. 
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Figure 13. Dry etching rate of TiN and SiOj. Etching eelecOviiy raUo of TiN 
to SiOj is also shown. 

The founh advantage is a possible cost reduction. The total cost 
of the Cu CMP process is known to be mudi higher than that of other 
raeiailization processes. Especially, the cost of consoroablc matcn. 
als such as slurry and polishing pads accounts for mote than half of 
the total CMP cost. AFP can reduce slurry cost coosidcrably because 
most of this cost is related to the abrasive technology such as syii- 
thesizing. dispersion, and quality control If the total cost of the 
CMP process is reduced, ihc Cu damascene process can be apphed 
to the metallization of dynamic random access memories (DRAMs), 
so AFP technology be spread worldwide. 

Fifth the panicle problem in a clean room might be solved by 
using AFP technology. Without abrasive, a CMP machine can be 
treated as a usual wet station in a clean room; thus, we do not have 
to set up a special room for CMP machines in order to maintain the 
degree of cleanliness. This advantage also contributes to the cost 
reduction of the CMP process and increases the yields of chips in the 
mctallizatioD process. 

The environmcnul problem of waste CMP slumes has become a 
subject of critical co.nccni. Previously, a disposal systcm for waste 
CMP slurries bus been required, but it is also cosUy. EspeciaUy. alu- 
mina abrasive is chemically more stable than sUica abrasive, so spe- 
cial chemicals are necessary for dealing with these waste abrasives. 
In conaasi, waste AFP soludon can be neutralized and mixed with 
the other aqueous solutions after the cleaning process. If other abra- 
Sivc-frec slurries, such as those in W-CMP and dielectric CMP are 
also developed, semiconductor plants do not have to raajntain a slur- 
ry-disposal system. This is yet another advantage of AFP. 

Conclusions 

A complete abrasive-free process for Cu damascene metalliza- 
Uon was developed. In this process, AFP of Cu in conjuncuon with 
bairicr-meial dry etching provides a very clean, scratch-free, anu- 
conosive, polished Cu surface. This combination of processes can 
reduce the total depth of erosion and dishing of both dense-lme areas 
and wide-lioe areas to le,ss than 50 nm after the usual oveipobsh toe 
(S0%). The process greaUy improves both the yields and perfor- 
mance of die Cu-bicrconncct fabrication process. This so-caUcd 



TtWe I. Dry etching rate and selectivity ratio, etching rate of 
TIN (TaN) to etching rate oTSlO^. 
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FiguR 14. Comparisoo of electrical xciistanoe of Cu test panems made I 
AFP and conventional CMP. 

low-damage AFP will be indispensable in the ncxt-gcneradon lot 
ik/Cu damascene processes. Moreover, it will also contribute to cc 
redtiction of CMP and help solve environmental problems associi 
ed with waste slurries. 
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